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HOUSING FOR AN UNDERWATER VIDEO
CAMERA

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s based upon and claims the benefit of
priority from the prior Japanese Patent Application No.

2013-087132, filed on 18 Apr. 2013, and PCT Application
No. PCT/IP 2014/060942, filed on 17 Apr. 2014, the entire
contents of which are imncorporated herein by reference.

FIELD

The present mvention 1s related to a housing for a video
camera which houses a video camera for taking a video
images underwater and in particular, the present invention 1s
related to a housing for an underwater video camera includ-
ing suilicient pressure resistance to be able to be used 1n the

deep sea to a water depth of 300 m of more and a hadal zone
of 5000 m of more.

BACKGROUND

In the case of taking pictures or video underwater, a
camera or video camera 1s housed 1n a water proof housing
arranged with an 1imaging transparent window 1n a position
facing a lens surface of an 1maging lens of a camera of video
camera. Because the water pressure on the water proof
housing increases as the depth of the water increases, there
1s a demand for pressure resistant sealing in the water proof
housing which houses the video camera. For example, a
titanium alloy high strength metal cylinder 1s used as a water
proof housing which has this type ol pressure resistant
sealing. It 1s necessary to arrange a transparent window for
imaging in the position which faces the lens surface of the
imaging lens even in a water prool housing used deep
underwater, and a parallel flat plate or dome shaped acrvlic
plate or glass plate 1s used as a window with a thickness
which can withstand a certain water pressure. Furthermore,
here a lens surface refers to a surface perpendicular to a light
axis with respect to the rotation symmetrical axis of the
imaging lens.

Because stress exceeding air pressure of 500 1s applied in
a hadal zone of 5000 m, 1t 1s not easy to manufacture a
pressure resistant sealed housing which houses a camera or
video camera at a practical cost. In recent years, a glass
hollow sphere has been used the housing for housing elec-
tronic devices or control devices in the deep sea. This 1s
because 1n an environment where a high level of stress 1s
applied from all directions as in the deep sea, only a umiform
compressive stress 1s applied on a glass hollow sphere and
a tensile stress which causes the glass to break does not
occur. Furthermore, the exchange of data or signals between
clectronic devices or control devices housed within the glass
hollow sphere which 1s a sealed container 1s carried out by
wireless communication (Japanese Examined Patent Appli-
cation Publication H9-305711, Japanese Laid Open Patent
H11-122518, Japanese Laid Open Patent 2005-128373,
Japanese Laid Open Patent 2012-245944, http://www.jam-
stec.go.1p/y/about/equipment/ships/deepto.html, http://ww-
w.nichigi.co.jp/products/ocean/products/
products_007.html, http://www.nishiyama.co.jp/products/

s_1_machine/camera/index.html, http:// www.nautilus-
gmbh.com/eng/files/110524%20vitrovex_indroduction_

10

15

20

25

30

35

40

45

50

55

60

65

2

144dp1.pdf, http://www.seatronics-group.com/assets/up-
loads/resources/2010/3/23ac0e35-5¢5e-4e3b-9885-

500ca02162cd.pdi).

SUMMARY

The present invention which solves the conventional

problems described above discloses a housing for an under-
water video camera formed from a glass hollow sphere 1 for
housing an 1imaging video camera including filling a roughly
spherical segmental shape correction lens 2 to a spherical
segment 104 enclosed by a cutting plane 103 parallel to a
lens surface of an i1maging lens 4 of the imaging video
camera 3 housed inside the glass hollow sphere, the cutting
plane 103 being a flat surface facing the lens surface and an
inner surface of a spherical crown 102 of the glass hollow
sphere 1 cut out using the cutting plane. The glass hollow
sphere 1, cutting plane 103, and the relationship between the
spherical crown 102, spherical segment 104 and roughly
spherical segmental shape correction lens 2 1s shown 1n FIG.
4. Note that the shape of the correction lens 1s a roughly
spherical segment and not completely spherical segment
because it 1s cut out from a sphere segment with a perimeter
of about a few mm especially because of handling.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a light path diagram of a 3D image in the case
where nothing 1s inserted between an object to be imaged
and an 1maging lens 4;

FIG. 2 1s a light path diagram of a 2D image in the case
where a transparent plate comprised from a curved surface
1s mserted between an object to be 1imaged and an 1maging
lens 4;

FIG. 3 15 a light path diagram of a 3D image in the case
where a transparent plate comprised from a curved surface
1s mserted between an object to be 1maged and an 1maging
lens 4;

FIG. 4 1s a cross-sectional diagram which shows a state
where a video camera 3 1s housed 1n a housing for an
underwater video camera of the present invention;

FIG. 5 15 a light path diagram of a 3D image in the case
where a roughly spherical segmental shape correction lens 2
1S not used;

FIG. 6 15 a light path diagram of a 3D 1mage in the case
where a roughly spherical segmental shape correction lens 2
1S used;

FIG. 7 shows measurement results of arithmetic average
surface roughness Ra before a polishing process of a glass
hollow sphere 1;

FIG. 8 shows measurement results of arithmetic average
surface roughness Ra after a polishing process of a glass
hollow sphere 1;

FIG. 9 15 a light path diagram of a 3D image in the case
where the difference 1n a refractive index between the glass
hollow sphere 1 and roughly spherical segmental shape
correction lens 2 1s 0; and

FIG. 10 1s a light path diagram of a 3D image 1n the case
where the difference 1n a refractive index between the glass
hollow sphere 1 and roughly spherical segmental shape
correction lens 2 15 0.06.

REFERENCE SIGNS LIST

1 glass hollow sphere
2 roughly spherical segmental shape correction lens
3 imaging video camera
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4 1maging lens of an 1maging video camera

5 light path from an object to be 1maged

101 spherical shell

102 spherical crown

103 cutting plane

104 spherical segment

201 regular imaging surface of an 1imaging lens

202 mmaging surface moving to the rear from a regular
imaging surface of an 1maging lens

203 1maging surface moving to the front from a regular
imaging surface of an 1maging lens

DESCRIPTION OF EMBODIMENTS

In order to take three-dimensional 1images, a video camera
for three-dimensional imaging mounted with a twin 1maging
lenses and two imaging elements which record images
obtained through the twin 1maging lenses 1s used. In addi-
tion, optical components inserted between the object to be
imaged and an 1maging lens, for example a window or {filter
which protects the 1imaging lens 1s required to be a parallel
flat surface plate. In the case where a transparent plate
comprised from a curved surface 1s inserted between the
object to be 1maged and the imaging lens, the path or light
path length between the object to be imaged and two
imaging lenses becomes different, a large aberration occurs
between the two lenses and the two 1mages taken by two
imaging elements, the imaging position differs greatly, and
either a clear 1mage 1s not obtained or synthesis of a
three-dimensional 1mage does not function at all.

Specifically, a three-dimensional image 1n the case where
nothing 1s 1iserted between the object to be 1maged and the
imaging lens 4 as 1 FIG. 1, or in the case of a taking a
two-dimensional 1mage although a transparent plate com-
prised of a curved surface 1s mserted between the object to
be 1imaged and the imaging lens 4 as in FIG. 2, although
aberration 1s small, an 1mage 1s imaged on the regular
imaging surface 201 of the imaging lens and a clear image
1s obtained, when taking a three-dimensional image in the
case where a transparent plate comprised of a curved surface
1s mnserted between the object to be imaged and the 1maging
lens 4 as 1 FIG. 3, large aberration occurs the regular
imaging surface 201 of the imaging lens, the 1maging
position moves to the imaging surtface 202 which moves to
the rear from the regular imaging surface of the imaging
lens, a clear 1mage 1s not obtained and a three-dimensional
image 1s not synthesized.

When taking three-dimensional images under water, 1t 1s
necessary to house and protect a video camera within a water
prool housing. Therefore, a transparent window or the like
must be present between the object to be 1imaged and the
imaging lens. In addition, for the reasons described above,
it 1s necessary that this transparent window be a parallel tlat
plate 1n order to take a three-dimensional image. Further-
more, because water pressure increases the deeper the water
level, 1t 1s necessary to increase the water pressure resistance
sealing of the water proof housing and it 1s necessary to also
increase the pressure resistance (strength) of the window
which 1s a transparent parallel flat plate. As a result, a large
scale pressure resistant sealing container arranged with a
resistant comprised from a thick transparent plate 1s neces-
sary as a water prool housing for taking three-dimensional
images which can be used 1n the deep sea (underwater).

On the other hand, as described above, a glass hollow
sphere 1s being used as a water proof housing including
pressure resistant sealing for deep sea or hadal zone. A video
camera, lighting device, electronic or control devices, sec-
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4

ond batteries and sending and receiving signal devise etc are
housed within the glass hollow sphere. However, three-
dimensional 1images are not taken 1n a structure 1n which a
three-dimensional 1mage 1imaging video camera (referred to
herein as 3D video camera) 1s housed internally. This 1s
because as described above 3D 1mages can not be taken 11 a
glass sphere which forms the glass hollow sphere has a
curved surface and not a parallel flat surface.

It 1s preferred that the imaging lens have a large aperture
diameter in order to take bright images 1n a dark space such
as the hadal zone. In this case, 1t 1s necessary to enlarge the
window of the water prool housing in order to correspond
with a large aperture diameter imaging lens. However, when
a window comprised from a curved surface 1s arranged,
significant aberration occurs, it 1s necessary to significantly
increase the thickness of a window comprised from a
parallel tlat plate 1n order to withstand the water pressure and
a large scale pressure resistant container 1s necessary.

The housing for an underwater video camera related to the
present invention 1s based on solving the problem of warp-
ing ol an 1mage due to the shape of a curved surface of a
spherical shell 101 and warping of an image due to the
difference 1n refractive index between glass material used
tor the spherical shell 101, air within the glass hollow sphere
and water outside the hollow sphere by filling a space
between the glass spherical shell 101 which forms the glass
hollow sphere 1 and the imaging lens 4 of the imaging video
camera 3 housed within with a roughly spherical segmental
shape correction lens 2.

The roughly spherical segmental shape correction lens 2
1s filled so as to be parallel with the lens surface of the
imaging lens 4 of the housed 1imaging video camera 3 and so
as to contact an mner surface of the spherical crown 102 of
the glass hollow sphere cut out along the cutting plane 103
which 1s tlat and faces the lens surface. The filling may be
performed by cementing the mnner surface of the spherical
crown 102 with the roughly spherical segmental shape
correction lens 2 or by using an adhesive or fixing mechani-
cally. Because aberration decreases and the amount of light
loss due to reflection an 1nterface deceases when there 1s no
interval between the mner surface of the spherical crown
102 of the glass hollow sphere 1 and the roughly spherical
segmental shape correction lens 2, the images taken
becomes more vivid. On the other hand, 1t 1s necessary to
arrange the flat bottom surface of the roughly spherical
segmental shape correction lens 2 to face parallel to the lens
surface of the imaging lens 4 of the imaging video camera
3.

Although the diameter of the glass hollow sphere 1 can be
selected according to the size of the imaging video camera
housed 1nside, usually the diameter 1s around 200 mm to 450
mm. However, although the thickness of the glass spherical
shell 101 which forms the glass spherical sphere 1 depends
on the depth of the water, 1t 1s preferred to be around 5 mm
to 20 mm. In the case where the thickness 1s 5 mm or less,
there 1s a risk of being crushed by water pressure and 1f the
thickness 1s 20 mm or more, aberration increases due to an
increase 1n the light path difference because of a difference
in thickness, the weight of the glass hollow sphere itself
increases which 1s not useful for handling.

In the housing for an underwater video camera related to
the present mvention, a structure 1s preferred 1n which the
glass hollow sphere 1 is structured by joining a pair of glass
hemispheres at the cross-section of the spherical shell 101.
This 1s because although 1t 1s possible that 1t 1s useful and
stronger to join two parts of a hollow sphere together with
different sizes, 1t 1s cost effective to from two 1dentical
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hemispheres. In this case, the roughly spherical segmental
shape correction lens may be filled 1n either of the pair of
glass hemispheres. An adhesive etc 1s not required for
jo1mng a pair of glass hemispheres. There 1s no problem with
handling above water 11 the joined parts are covered with a
rubber band for example, and the join surface 1s completely
sealed when subjected to high water pressure underwater.

Although 1t 1s possible to exemplily borosilicate glass,
aluminosilicate glass or an industrial glass such as soda-lime
glass as the glass material used for the glass hollow sphere
1, considering lightness and the ease of manufacture, 1t 1s
preferred to use borosilicate glass.

Finishing (surface smoothness) of the surface of the glass
hollow sphere 1 and the surface of the roughly spherical
segmental shape correction lens 2 1s important for obtaining
a vivid 1image and 1s preferred to have a surface arithmetic
average roughness Ra of <50 nm. Although smoother the
better, 1f the surface arithmetic average roughness Ra 1s <50
nm, 1t 1s possible to 1gnore the level of diflusion of hght at
an interface and 1t 1s possible to obtain a vivid 3D 1mage.
Here, arithmetic average roughness Ra 1s a center line
average roughness stipulated by JIS B0601-2001 (definition
and display of surface roughness). The bottom surface of the
roughly spherical segmental shape correction lens 2 may
contact with a housing tip part which 1s attached to the
imaging lens 4 of the imaging video camera 3 or may be 1n
close contact without actually contacting.

The roughly spherical segmental shape correction lens 2
1s comprised from a transparent body and the refractive
index n, of the transparent body 1s preferred to be 1n a range
of n,=n;;+0.05 when the refractive index of the glass which
forms the spherical shell 101 of the glass hollow sphere 1 1s
n,. Here, the refractive index n, and n, are refractive
indexes 1 a wavelength of 589 nm of d line which 1s a bright
line spectrum of an Na atom. It 1s possible to use an acrylic
resin, silicon resin, polycarbonate resin, epoxy resin or
polyester resin etc as the transparent body. Alternatively, it
1s also possible to use a transparent gel such as an elastomer
resin or urethane resin. A glass material the same as the glass
for forming the spherical shell 101 or a glass material 1n
refractive index rage described above may also be used.
When a gel shape material 1s used having flexibility and
Considering the possibility to absorb warping, 1t 1s useful
since warping due to water pressure does not occur.

In order to reduce aberration, 1t 1s preferred that difference
between the refractive index n, of the transparent body
which forms the roughly spherical segmental shape correc-
tion lens 2 and the refractive index ny;- of the glass which
torms the spherical shell 101 of the glass hollow sphere 1 be
as small as possible. Specifically, 1t 1s preferred that the
refractive index be in the range n,=n;+0.05 in order to take
vivid 3D 1mages. When the refractive index difference
exceeds 0.05, lens eflfects occur at the iterface between the
glass hollow sphere 1 and the roughly spherical segmental
shape correction lens 2, the 1imaging position varies signifi-
cantly and the 3D images are no longer vivid. Although
aberration 1s thought to be at 1ts smallest when the glass
hollow sphere 1 and roughly spherical segmental shape
correction lens 2 are of the same material, when an acrylic
resin with a refractive index of about n, 1.49 1s used as the
material of the roughly spherical segmental shape correction
lens 2 with respect to the glass hollow sphere 1 with a
refractive index of about n;, 1.48, the aberration produced 1s
small and a high level of translucency and excellent molding
cllects are obtained.

In order to take and record 3D 1mages, the imaging video
camera 3 which 1s housed 1s preferred to be a 3D video
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6

camera mounted with twin 1imaging lenses and two 1maging
clements which record images obtained through those 1imag-

ing lenses. A 3D 1mage 1s recorded by taking a right eye
image and a left eye image through the two 1maging lenses
and 1s reproduced by synthesizing the right and left images
using a polarized glass or liquid crystal shutter glass.
Although 1t 1s possible to image and record a 3D 1mage even
in the case where two general video cameras mounted with
one 1maging lens and one imaging element which records an
image obtained through the single imaging lens are installed,
a component with a large diameter 1s necessary as a glass
hollow sphere 1n order to house two video cameras and a
s1ze ol the roughly spherical segmental shape correction lens
suflicient to cover the lenses of two video cameras 1s
necessary.

In the case of using a 3D video camera, because the
refractive index of the air iside the glass hollow sphere 1,
the glass material which forms the spherical shell 101 of the
glass hollow sphere 1 and of the water (or sea water) outside
the glass hollow sphere 1 1s different, although the path of
light which reaches two 1mages elements which image and
record 1mages corresponding to images which enter lett and
right eyes respectively 1s different, in the case where a
housing for an underwater video camera using the roughly
spherical segmental shape correction lens 2 of the present
ivention, 1t 1s possible to take video the same as in the
atmosphere.

Specifically, in the case where the roughly spherical
segmental shape correction lens 2 1s not used as 1s shown 1n
FIG. §, because significant aberration occurs 1n a regular
image surface 201 of the imaging lens when taking 3D
images, and the 1imaging position moves to the rear imaging
surface 202 from the regular imaging surface of the imaging
lens, a vivid image 1s not obtained and as a result a 3D image
1s not synthesized. On the other hand, as 1s shown in FIG. 6,
in the case were the roughly spherical segmental shape
correction lens 2 1s used, aberration 1s small, an 1mage can
be formed on the regular surface of the imaging lens 201, a
vivid 1mage 1s obtained and a 3D image 1s synthesized.

If the housing for an underwater video camera which 1s
the glass hollow sphere 1 filled with the roughly spherical
segmental shape correction lens 2 related to the present
invention 1s used, it 1s possible to withstand water pressure
in a hadal zone of a water depth of 5000 m or more, 1t 1s
possible to correct warping of a light path via the glass
spherical shell 101 of the glass hollow sphere 1, and it 1s
possible to take vivid 3D 1mages using a 3D video camera
from the 1nside of the glass hollow sphere 1. Although the
glass hollow sphere 1 1s recently used 1n many deep sea
observation devices, it 1s possible to house a commercial 3D
video camera used in the atmosphere by using this type of
low cost glass hollow sphere 1 and as an a general purpose
underwater video camera housing.

The present mvention 1s explained in detail below using
the examples. A product manufactured by Nautilus Marine
Service GmbH was used as glass hollow hemispheres. The
thickness of the glasses of the hollow hemispheres which
form a spherical shell were 15 mm, and the hollow hemi-
spheres have an exterior diameter of 330 mm, an interior

diameter of 300, and the refractive index ny;- of the glass 1s
1.472.

EXAMPLES

The results of measuring arithmetic average roughness Ra
of mner surface center part surface of the glass hollow
hemisphere are shown 1n FIG. 7 and were 50 nm or more
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with an Ra of 129 nm. Thus, polishing were performed so
that 1t became less than 50 nm using an abrasive and a cotton
cloth with cerium oxide as the main component. Again, the
results of measuring Ra are shown in FIG. 8 which was less
than 50 nm with an Ra of 40 nm. Furthermore, in FIG. 7 and
FIG. 8, the horizontal axis shows a scanning line distance
and has a range of 5 mm. The vertical axis shows a
measurement value of surface roughness and has a range of
+] um.

A polymer molded product (refractive index n,=1.49
manufactured by Shoritsu Plastics Kogyo) with methyl
methacrylate as the raw material being polymerized and
molded was used as the material for the roughly spherical
segmental shape correction lens 2. By turning the polymer-
1zed and molded polymer molded acrylic cast round rod with
a diameter of about 110 using a turning plate and performing
turther polishing, a spherical correction lens with a curvature
radius of 150 mm was produced so as to contact the inner
surface of the glass hollow sphere with an inner diameter of
300 mm. In the turning process using a turning plate,
processing was performed so that the diameter of a bottom
surface was 100 mm and the thickness of exterior edge was
about 10 mm. Polishing was performed with a flannel cloth
using a luster abrasive so that the arithmetic average rough-
ness of the surface Ra was less than 50 nm. In this way, the
produced roughly spherical segmental shape correction lens
2 was filled by fixing the periphery edge part to the center
part mner surface of the glass hollow hemisphere using an
adhesive wrapper.

A commercially available 3D digital HD video camera
recorder (model number HDR-TD20V) manufactured by
Sony was used as the 3D video camera 3. Twin high capacity
lenses with a wide angle of 33.4 mm (35 mm equivalent)
were mounted as the imaging lens 4 and the center distance
of the twin lenses 1s 21 mm. The 3D video camera 3 was
attached to four rubber feet of the mner surface of the glass
hollow hemisphere, from there four support poles were
extracted and fixed to a vinyl chlonide plate, a hole was
opened 1n the vinyl chloride plate and a screw was passed
through the hole, and the 3D video camera 3 was attached
using screw holes for a tripod of the 3D video camera. At
this time, attachment was performed so that the lens surface
of the imaging lens 4 and bottom surface of the roughly
spherical segmental shape correction lens 2 of the 3D video
camera 3 were parallel and facing each other.

Next, the glass hollow hemisphere filled with the roughly
spherical segmental shape correction lens 2 and fixed to the
3D video camera 2 1s joined with one more glass hollow
hemisphere at each cross-sectional face of the spherical shell
101, the perimeter edge 1s wound with a butyl tape and
sealed by further winding using a vinyl chloride tape. In this
way, the 3D video camera 3 1s housed within the housing for
an underwater video camera using the present invention 1n
which the roughly spherical segmental shape correction lens
2 1s filled mto the glass hollow sphere 1 including water
resistance and pressure resistance.

3D 1maging was performed 1n Enoshima Aquarium, Fuji-
sawa City, Kanagawa Pretecture. After covering the housing
for an underwater camera housing the 3D video camera with
a kydac resin cover, it was attached to an aluminum frame.
The front surface of the imaging lens of the 3D video camera
3 was arranged so that it would not be covered by the resin
cover or aluminum frame in order to secure 1maging vision.
Lighting equipment or equipment for gathering mud from
the sea bottom which can be used when 1imaging are attached
to the aluminum frame in addition to the housing for an
underwater video camera using the present invention hous-
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ing the underwater video camera. Furthermore, a 20 kg
weight was attached to the aluminum frame, immersed in
water and the inside of the water tank was 1maged through
the spherical shell 101 of the glass hollow sphere 1.

Imaging was performed 1n 1 minute periods and stopped
for 5 seconds between each period, and an IC substrate
mounted with an interval timer 1maging program was
housed within the housing for the underwater video camera
ol the present invention and the program was executed while
imaging for 1 minute and stopping for 5 seconds per each
period. The obtained video was recorded on a memory card.
After imaging was completed, the housing for an underwater
video camera was gathered to the water surface, the vinyl
chloride tape and butyl rubber tape were peeled off and the
memory card was removed from the 3D video camera.

The recovered memory card was inserted into the memory
card slot of a 3D display compatible computer (SONY VAIO
(registered trademark) PCG-81314N), the images were
played and when observed using 3D glasses (TDG-BR250
manufactured by SONY), it was possible to observe vivid
3D 1mages. Beginning with rocks within the water tank as
the background, swimming fish and floating objects within
the tank appeared solid and 1t was possible to observe 3D
images with a sense of depth.

Comparative Example

Comparative Example 1

Using the same method as 1n the Example, in the case
where a roughly spherical segmental shape correction lens 2
was not used, even when 3D glasses were used for obser-
vation 1t was not possible to take 3D 1mages, only ghost like
double 1mages could be seen and 1t was not possible to
confirm 3D 1mages.

Comparative Example 2

In the case of imaging using the same method as in the
Example while the arithmetic average roughness Ra of a
surface of the glass hollow sphere 1 remained at 129 nm as
1s shown 1n FIG. 7, a vivid 3D 1image could not be observed.
On the other hand, 1n the case of imaging using the same
method as 1n the Example aifter setting the R to 40 nm as 1s
shown 1n FIG. 8 by performing a polishing process using an
abrastve and cotton cloth with certum oxide as the main
component, 1t was possible to observe a vivid 3D 1mage.
Furthermore, a component polished until the surface Ra was
less than 50 nm as described above was used as the roughly
spherical segmental shape correction lens 2.

Comparative Example 3

The appearance imaging a light path in the case where the
difference between the refractive index n, of a transparent
body which forms the roughly spherical segmental shape
correction lens 2 and the refractive index n;;- of the glass
which forms the spherical shell 101 of the glass hollow
sphere 1 1s 0, and 1n the case where 1t 15 0.06 are shown FIG.
9 and FIG. 10 respectively. In the case where the diflerence
1s 0, although aberration 1s small and an 1mage 1s formed on
the regular 1image surface of the imaging lens, in the case
where the difference 1s 0.06, 1t could be seen that aberration
1s produced, the imaging surface moves from the regular
imaging surface of the imaging lens to the 1imaging surface
203 moved to the front and a vivid 3D 1mage was not
obtained.
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What 1s claimed 1s:

1. A housing for an underwater video camera formed from
a glass hollow sphere, comprising:

a glass hollow sphere;

an 1maging video camera for three-dimensional 1maging,

mounted with twin 1maging lenses housed 1nside the
glass hollow sphere; and

a roughly spherical segmental shape correction lens the

roughly spherical segmental shape corrections lens
settled on a spherical segment of the glass hollow
sphere, the spherical segment enclosed by a cutting
plane parallel to a lens surface of the twin 1maging
lenses, the cutting plane being a flat surface facing the
lens surface and an mner surface of a spherical crown
of the glass hollow sphere cut out using the cutting
plane,

wherein an arithmetic average roughness Ra of a surface

of the glass hollow sphere and a surface of the roughly
spherical segmental shape correction lens 1s less than
50 nm.

2. The housing for an underwater video camera according,
to claim 1, wherein a pair of glass hollow hemispheres of the
glass hollow sphere are joined together at a cross sectional
tace of the spherical shell.

3. Ahousing for an underwater video camera formed from
a glass hollow sphere, comprising:

a glass hollow sphere;

an 1maging video camera for three-dimensional imaging

mounted with a twin imaging lenses housed 1nside the
glass hollow sphere; and
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a roughly spherical segmental shape correction lens the
roughly spherical segmental shape correction lens
settled on a spherical segment of the glass hollow
sphere, the spherical segment enclosed by a cutting
plane parallel to a lens surface of the twin 1maging
lenses, the cutting plane being a flat surface facing the
lens surface and an inner surface of a spherical crown
of the glass hollow sphere cut out using the cutting

plane,
wherein the roughly spherical segmental shape correction
lens 1s comprised from a transparent body, wherein the

refractive index n, of the transparent body 1s 1n a range
of n,=n;=0.05 when the refractive mdex of glass
which forms the spherical shell of the glass hollow
sphere 15 n-

4. The housing for an underwater video camera according,
to claim 3, wherein a pair of glass hollow hemispheres of the
glass hollow sphere are joined together at a cross sectional
face of the spherical shell.

5. The housing for an underwater video camera according,
to claim 1, wherein the roughly spherical segmental shape
correction lens 1s comprised from a transparent body,
wherein the refractive index n, of the transparent body 1s in
a range of n,=n;;#0.05 when the refractive index of glass
which forms the spherical shell of the glass hollow sphere 1s
ny,.

6. The housing for an underwater video camera according
to claim 5, wherein a pair of glass hollow hemispheres of the
glass hollow sphere are joined together at a cross sectional
face of the spherical shell.

¥ o # ¥ ¥



	Front Page
	Drawings
	Specification
	Claims

